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Rappaport: Discounted Payback Period

Even though payback period does not measure the
profitability of proposed capital investments, it
is still the favorite method of evaluating them. The
author proposes an improved standard —

THE DISCOUNTED PAYBACK PERIOD
by Alfred Rappaport
Tulane University
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Payback period remains the most
measuring the economic value of
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tal projects. Despite almost unani
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larity and, assuming that this popu
larity will continue, to propose an
improved concept of payback per
iod, i.e., the discounted payback
period.

Payback shortcomings
The payback period measures
the length of time it will take
pected cash proceeds generated by
an investment to equal the initial
cash outlay required to make the
investment. For example, if a new
machine costs $75,000 and is ex
pected to produce operating sav
ings of $15,000 annually, it has a
payback period of five years. If the
expected cash flows vary from year
to year, then PB is determined by
adding the expected proceeds for
each year until the sum equals the
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culty is that estimation of income
erate annual cash proceeds of
the conventional calculation of the
receipts beyond a three- to five$20,000 for ten years; hence, its
payback period has serious short
year period strikes most managers
payback period is five years. The
as too problematical to be mean
comings. As a means of overcoming
payback period criterion points to
ingful. Whether competing prod
these limitations, an alternative
the selection of P1, but, in fact,
ucts will have ruled this one off
concept of payback period is pro
whether one applies the unadjusted
the
market,
whether
technological
posed,
namely, the discounted pay
or the time-adjusted (discounted
advances
will
have
stripped
this
back
period.
cash flow) rate of return criterion,
process of its present advantages,
P2 is the more profitable invest
whether consumer tastes will sus
ment. Even if we were to suggest
Opportunity investment rate
tain the present price structure,
that the economic life of P1 is four
whether intensified competition
The conventional payback period
years rather than five years, the
will have shaved profit margins,
measures the length of time it will
payback period criterion would still
whether a geographical shift in
favor P1 despite the fact that P1
take to recover the absolute invest
markets will undermine a present
ment outlay. While such a measure
would then yield no return or a
entrenched position — these and
ment may have great intuitive sig
negative return on a time value
other unknowns make the pro
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decision maker, it neither considers
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Why, then, does payback period
existence of alternative investment
5. Risk-conscious businessmen
opportunities. In the language of
continue to be so widely used as
capital budgeting, the conventional
a measure of acceptability for cap
probably have stronger liquidity
preferences than economists gen
payback ignores the company’s
ital projects? The following reasons
“cost of capital.”
erally acknowledge. Strong liquid
appear to be the principal ones:
ity preferences, like reluctance to
In the context of capital budget
1. It is easy to calculate. This
engage in longer-term projections,
ing, the cost of capital is generally
reduces the cost of the capital in
find their basis in the uncertain
regarded as the minimum rate of
vestment evaluation program.
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Payback
Period Index"*
Calculation of
Discounted Discounted
Payback Period
and "Profitability
(1)

(2)

(3)

(4)

(5)

(6)

Incremental
Cash Flow

Present Value
of$l Discounted
at 15%

Present Value
of Incremental
Cash Flow
= (2) x (3)

Cumulative
Present Value
of Incremental
Cash Flow

Percent Investment
Recovery = (5)÷(1)

t1

$20,000

$ .8696

$17,392

$ 17,392

17.39

t2

30,000

.7561

22,683

40,075

40.08

t3

50,000

.6575

32,875

72,950

72.95

t4

30,000

.5718

17,154

90,104

90.10

t5

20,000

.4972

9,944

100,048

100.05

t6

10,000

.4323

4,323

104,371

104.37

t7

10,000

.3759

3,759

108,130

108.13

Period
(year)

Investment
Outlay

t0

$100,000

Discounted
Payback
Date

Profit
ability
Index

*cash flows received at end of period

EXHIBIT I

return for accepting projects. Let
consider two distinct cost-ofcapital rates — the borrowing rate
and the lending rate. Horngren dis
tinguishes between the two as fol
 —
lows: “. . . the ‘borrowing’ rate
the weighted-average rate that a
company must pay for long-run
capital. This is an indicator of the
overall minimum return that the
company must earn if the stock
holder’s rate of return is going
be maintained. It is stockholderoriented inasmuch as it is deter
mined by market prices, which in
turn are influenced by the investor’s
opportunities. The lending rate is
basically an opportunity-cost con
cept; it is the rate that can be
earned on alternative investments
having a like degree of risk. It is
the investment rate, which varies
with risk, that should be used for
purposes of discounting future cash
flow to the present. . . .”5
While these two rates are often
used interchangeably in the litera
ture, each serves a distinct purpose.
The borrowing rate is properly em
ployed in measuring the expected
cost of new capital. The lending
rate, on the other hand, is the ap
propriate rate for discounting fu
ture cash flows to the present. This
is particularly true when the lend
32

ing rate exceeds the borrowing
rate. From a purely economic
standpoint, a management would
be hard pressed to justify the
authorization of projects within the
company when greater returns on
“like-risk” equity investments out
side the company are available. A
company using the borrowing rate
as the minimum return when the
lending rate is significantly higher
probably will find its shareholders
shifting to the same higher-yielding
equity investments whose rates
return the company should be using
as a minimum standard for its own
capital projects. The lending rate
or, as it will be referred to here
after, the “opportunity investment
rate” is the appropriate rate for dis
counting cash flows.6

Discounted payback period
Let
now relate the “oppor
tunity investment rate” notion to
payback period measurement. The
conventional payback period cal
culation clearly fails to consider a
company’s cost of capital. To con
tend that the conventionally mea
sured payback date is the break
even date for a given project is
tantamount to suggesting that capi
tal is obtainable without cost. A

more reasonable approach is sug
gested by the discounted payback
period criterion.
The discounted payback period
is the length of time it takes a
project’s incremental cash flows dis
counted at the “opportunity invest
ment rate” to accumulate to in
vestment outlay. Only at the end of
this period is the breakeven claim
one with economic substance, for
this is the length of time it takes
project proceeds (reinvested at the
“opportunity investment rate”) to
accumulate to a sum equal to the
investment outlay compounded at
the “opportunity investment rate”
over the same period. Then, and
only then, has the project broken
even with respect to alternative
investment opportunities of like de
gree of risk. The technique of cal
culating discounted payback period
and its significance as a measure of
time risk and liquidity can be best
demonstrated by means of an il
lustration.

Example
Consider a contemplated project
with a required initial outlay of
$100,000 and forecasted incremen
tal cash flows during its estimated
seven years
economic life as folManagement
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Comparison of Compounded Values of $100,000 Invested at "Opportunity Investment
Rate" vs. Project's Incremental Cash Flows Reinvested at "Opportunity Investment Rate"*

(1)

(2)

Period

Investment
outlay

Incremental
Cash Flow

t0

$100,000

(3)
$100,000 Invested
in Project
yielding 15%

(4)
Incremental
Cash Flows
Reinvested at 15%

$100,000

$20,000

115,000

$ 20,000

t

30,000

132,250

53,000

t3

50,000

152,087

110,950

t4

30,000

174,900

t1

157,592

Discounted
Payback Date

t5

20,000

201,135

t6

10,000

231,305

241,415

t7

10,000

266,000

287,627

201,230

*cash flows received at end of period

EXHIBIT 2

lows: $20,000; $30,000; $50,000;
$30,000; $20,000; $10,000; and $10,respectively. Within the frame
work of the conventional payback
period calculation, the decision

maker may well conclude that the
initial investment will be recovered
in three years and that at that point
the firm has achieved a breakeven
position. This is, of course, a grossly
misleading notion, since it is based
on the false premise that there are
no alternative, productive uses for
the invested capital.

Calculation
Assume that the company con
sidering this project perceives its
“opportunity investment rate” to be
15 per cent. Thus, for the project
under consideration 15 per cent is
the minimum acceptable rate of
return and the relevant rate for dis
counting incremental cash flows.
The discounted payback period
calculation is presented in Exhibit
1 on page 32. Note that the dis
counted payback period for the
project under consideration is five
years,
contrasted with three
years under the conventionally cal
culated payback period. Note
that at the end of three years the
company will have recovered only

73 per cent of its original invest
ment, not 100 per cent as suggested
by the conventional payback cal
culation.
The discounted payback period
may be viewed alternatively as the
length of time it takes for a proj
ect’s incremental cash flows rein
vested at the “opportunity interest
rate” to accumulate to a sum equal
to the investment outlay com
pounded at the same rate and over
the same period. This approach
the discounted payback period
calculation7 is illustrated in Exhi
bit 2 above. Note that the com
pounded project cash flows (Col
umn 4) do not begin to exceed
the compounded initial investment
(Column 3) until the end of the
fifth year. At that point they are
$201,230 and $201,135, respectively.
Thus, we see that identical an
swers are gained from these two
methods
calculating discounted
payback period.

Advantages
The advantages of replacing the
conventional payback measurement
with the discounted payback period
criterion are compelling. The prin
cipal ones are as follows:
1. Discounted payback period

July-August, 1965
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represents a significantly improved
criterion for the measurement
project time risk, i.e., the length
of time for which the original capi
tal investment is exposed to eco
nomic hazards, because it recog
nizes the productivity of capital
and consequently the time value
money.
It is important to emphasize, how
ever, that the discounted payback
period is not a substitute for profit
ability measurements. Clearly, or
ganizations that now employ only
the conventional payback for evalu
ating investment acceptability can
only stand to improve the basis for
their decisions. Nevertheless, the
proper role for the discounted pay
back period analysis is as a supple
ment to profitability measurements.
In this case it might be used as a
measure of relative time risk.
2. The discounted payback mea
surement allows management to
compare the rate of a project’s dis
counted (at “opportunity invest
ment rate”) cash flows with its own
subjective time preferences for
“accept or reject” decisions.
Assume, for example, that for a
given class of investments manage
ment establishes 15 per cent as the
minimum acceptable rate of return,
i.e., 15 per cent is the “opportunity
33
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"Discounted Payback Profile"

Standard versus Specific Project
Discounted payback line ("Opportunity investment rate" — 15%)



Periods (years)

Legend:
Standard "profile"

"profile" for specific project under consideration

EXHIBIT 3

investment rate.” In addition, man
agement requires a discounted pay
back period not exceeding five
years. Consider a given project that
exceeds the minimum rate of re
turn by only a marginal rate and
has a discounted payback period of
just under the maximum acceptable
of five years. Management remains
undecided regarding the desirabil
ity of investing in this project. The
discounted payback data provide
management with yet another cri
terion that may be useful in in
fluencing the ultimate decision —
“the discounted payback profile.”
Managerial time preferences may
be represented by a minimum ac
ceptable “discounted payback pro
file” illustrated in Exhibit 3 above.
Note that in this example cumu
lative discounted cash flows are
required to be at least 10%, 30%,
70%, 80%, and 100% of investment
34
Published
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outlay at the end of each year, re
spectively. Note also in Exhibit 3
that the project illustrated in this
paper has an acceptable 17%, 40%,
73%, 90%, and 100% “profile” (see
Exhibit 1, Column 6, for the source
of these percentages). It is accept
able because at the end of each
year its cumulative capital recovery
rate exceeds management’s stan
dard.
The “discounted payback profile”
may also be a useful supplemental
criterion for deciding between two
or more mutually exclusive pro
posals. Consider, for example, two
projects under consideration, only
one of which can be undertaken.
Each project is expected to attain
the 15 per cent minimum accept
able rate of return and maximum
five-year discounted payback stan
dards. In fact, according to the
best available forecasts, each proj

ect will better the minimum stan
dards by comfortable but identical
margins. Which project should be
selected? The “discounted payback
profile” criterion may be instru
mental in resolving this question.
The “profiles” for the hypothetical
projects under consideration are as
follows: Project —20%, 50%, 75%,
90%, 100%; Project B-0%, 0%, 10%,
30%, 100%. While both projects have
identical net present values and
discounted payback periods, Proj
ect A can be expected to promote
greater liquidity while reducing the
magnitude of the time risk. Nonfinancial factors excluded, the se
lection of Project A in preference
to Project B is indisputable.
The “discounted payback pro
file” is a simple yet effective means
of dealing with the liquidity or
time preference problem. The need
for such a tool is clearly indicated
in Chamberlain’s succinct state
ment regarding the role of manage
ment time preferences in capital
investment analysis, “A project
which gives rise to small returns
in the near future, building up
very substantially in the more dis
tant future, is discounted at the
same objective rate as one which
may return larger sums in the near
term and virtually nothing later.
If their present value is the same,
or if their flows discount to the
same rate, they are viewed as
equally preferable. From the point
of view of most businessmen, how
ever, there would in fact be a
clear-cut preference for the second
investment, which yielded its cash
returns more quickly. This is not
because they fail out of ignorance
to give adequate consideration to
the future, but because their own
subjective time preference—based
on the uncertainty and riskiness of
the future — leads them to that re
sult. The economist may question
their judgment, but only in the
same way he might question con
sumer tastes. He would be on
sounder ground in accepting their
time preference and building it
into his formulations.8
3. The discounted payback cri
terion is consistent with discounted
Management Services
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to calculating excess present value
payback is not. The two principal
project is just under five years.
is available from the author.]
variations of the discounted cash
Companies currently employing the
flow method, discounted rate of re
present value approach can cal
Summary
 the
turn and present value, reflect
culate the discounted payback pe
time value of money, as does the
riod
well as the "profile” with
Despite the fact that the con
discounted payback period. Use of
little or no extra effort, and con
ventional payback criterion is not
the conventional payback in con
sequently, can use all three criteria
a measure of profitability, it re
junction with one of the discounted
to produce a financial plan that
mains the most commonly em
cash flow variations results in in
balances profitability, liquidity, and
ployed financial measure of proj
consistent criteria. The integration
time risk.
ect acceptability. Its popularity is
of these two criteria in a single in
Organizations wishing to inte
mainly attributable to its simplicity,
vestment decision is tantamount to
grate their investment planning and
to the belief among some business
denying while simultaneously up
men that it is futile to project cash
cash forecasting activities may pre
holding the time value of money.
fer the second method of calculat
flows beyond three or four years,
ing discounted payback as illus
and, finally, to the strong liquidity
4. Discounted payback can eas
ily be integrated with discounted
trated in Exhibit 2. In this case, the
preferences of many businessmen.
“profitability index” can be easily
Liquidity and time risk, as well
cash flow profitability measure
calculated from the data present. If
as profitability, are important fac
ments, particularly the present
Column 3 exceeds Column 4, the
tors to be incorporated into invest
value approach. In brief, the pres
ment decisions. The conventional
ent value method involves selecting
project yields less than the "oppor
payback, however, does not yield a
tunity investment rate” and is
a minimum acceptable rate of re
meaningful, reliable measurement
turn, i.e., the "opportunity invest
therefore unacceptable. If the proj
ment rate,” and discounting both
of time risk. Its failure can be
ect is acceptable, the excess of
traced to the fact that it ignores
Column 4 terminal value ($287,investment outlays and incremental
alternative investment opportuni
cash flows to the present. If the
627) over Column 3 terminal value
ties of the firm and, consequently,
present value of incremental cash
($266,000), discounted to the pres
the time value of money. This re
flows exceeds the present value of
ent at the "opportunity investment
sults in an underestimate of a proj
investment outlays, then the project
rate,” will yield an amount equal to
is rated as potentially acceptable.
ect’s time risk, i.e., the length of
the excess of the present value of
Under the present value approach
time for which the original capital
project cash flow over required in
some companies compute the "prof
investment is exposed to economic
vestment outlay. This calculation
itability index” for each project as
is summarized in Exhibit 4 below.
hazards.
The discounted payback criterion
a measure of relative profitability
[For those readers who are inter
among competing projects. The
overcomes this basic failure and is
ested, a demonstration of the math
"profitability index” is simply the
ratio of the present value of incre
mental cash flows to the present
EXHIBIT 4
value of the required investment
outlay.9
Profitability Index Calculation
(Alternative Method)
The hypothetical project pre
sented in Exhibit 1 makes the re
lationship between discounted pay
Terminal value of incremental cash flows reinvested at
back and the present value ap
"opportunity investment rate" (15%)
$287,627
proach very evident. In fact, the
Terminal value of required investment amount ($100,000)
reader will now note that Exhibit 1
invested at "opportunity investment rate" (15%)
266,000
is actually an illustration of the
21,627
present value approach and its
Present value of $1
received at the end of 7 years
logical by-product, the discounted
and discounted at 15%
.3759
payback period measurement. The
Excess present value
8,130
first six figures in Column 6 repre
sent intermediate measures of capi
"Profitability index" = Required investment + Excess present value
tal recovery and the final figure,
Required investment
108.13, the project’s "profitability
— 100,000 + 8130
index.” The intermediate measure
100,000
ment at the end of the fifth year,
100.05, indicates that at that point
= 108.13
the project has broken even in the
July-August, 1965
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a greatly improved measurement of
project time risk. The calculation
of the discounted payback period
also yields a “profile” from which
management can incorporate its
subjective time preferences into in

Rappaport: Discounted Payback Period
vestment decisions. Beyond its
measurement virtues, the discount
ed payback period can be gained at
bargain prices for it is an informa
tional by-product of discounted
cash flow profitability measure

ment. Because it is so demonstrably
superior to the conventional pay
back criterion, I believe it should
become a widely — and profitably
— applied tool in capital invest
ment analysis.
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approach assumes that cash proceeds can
be reinvested at the discount rate. The
discounted rate of return approach makes
the implicit assumption that the reinvest
ment rate is equal to the rate indicated
by the project itself. Solomon, op. cit.,
p. 127, demonstrates that there will al
be consistent ranking of projects
explicit assumptions with respect to re
investment rates for funds are made up
to the terminal date of the longer-lived
project. The “profitability index” must
be used with great care since under cer
tain circumstances it will yield project
rankings that contradict rankings based
on the excess present value approach.
For an exposition of this problem see
William Beranek, “A Note on the Equiv
alence of Certain Capital Budgeting Cri
teria,” The Accounting Review, October,
1964, pp. 914-916.
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